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(57) ABSTRACT 
There is provided a method for continual preparation of 
granular polycrystalline silicon using a fluidized bed reactor, 
enabling a stable, long-term operation of the reactor by effec 
tive removal of silicon deposit accumulated on the inner wall 
of the reactor tube. The method comprises (i) a silicon particle 
preparation step, wherein silicon deposition occurs on the 
Surface of the silicon particles, while silicon deposit is accu 
mulated on the inner wall of the reactor tube encompassing 
the reaction Zone; (ii) a silicon particle partial discharging 
step, wherein a part of the silicon particles remaining inside 
the reactor tube is discharged out of the fluidized bed reactor 
so that the height of the bed of the silicon particles does not 
exceed the height of the reaction gas outlet; and (iii) a silicon 
deposit removal step, wherein the silicon deposit is removed 
by Supplying an etching gas into the reaction Zone. 

18 Claims, 7 Drawing Sheets 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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METHOD FOR CONTINUAL PREPARATION 
OF POLYCRYSTALLINE SILICON USINGA 

FLUIDZED BED REACTOR 

This application is a 371 of PCT/KR2007/002880 filed on 
Jun. 14, 2007, published on Dec. 21, 2007 under publication 
number WO 2007/145474A1 which claims priority benefits 
from South Korean Patent Application Number 10-2006 
0053826 filed Jun. 15, 2006, the disclosure of which is hereby 
incorporated by reference. 

TECHNICAL FIELD 

The present invention relates to a method for preparation of 
polycrystalline silicon using a fluidized bed reactor, particu 
larly to a method for continual preparation of polycrystalline 
silicon enabling effective removal of silicon deposit accumu 
lated on the inner wall of the reactor tube of a polycrystalline 
silicon (multicrystalline silicon, polysilicon or poly-Si) 
manufacturing apparatus. 

BACKGROUND ART 

High purity polycrystalline silicon is widely used as a 
chemical or an industrial source material in semiconductor 
devices, Solar cells, etc. Also, it is used in manufacturing 
precision functional devices and Small-sized, highly-inte 
grated precision systems. The polycrystalline silicon is pre 
pared by thermal decomposition and/or hydrogen reduction 
of highly-purified silicon-containing reaction gas, thus caus 
ing a continuous silicon deposition on silicon particles. 

In commercial-scale production of polycrystalline silicon, 
a bell-jar type reactor has been mainly used. Polycrystalline 
silicon products produced using the bell-jar type reactor is 
rod-shaped and has a diameter of about 50-300 mm. How 
ever, the bell-jar type reactor, which consists fundamentally 
of the electric resistance heating system, cannot be operated 
continuously due to inevitable limit in extending the maxi 
mum rod diameter achievable. This reactor is also known to 
have serious problems of low deposition efficiency and high 
electrical energy consumption because of limited silicon Sur 
faces and high heat loss. 

To solve these problems, there was developed recently a 
silicon deposition process using a fluidized bed reactor to 
produce polycrystalline silicon in the form of particles having 
a size of about 0.5-3 mm. According to this method, a fluid 
ized bed of silicon particles is formed by the upward flow of 
gas and the size of the silicon particles increases as the silicon 
atoms deposit on the particles from the silicon-containing 
reaction gas supplied to the heated fluidized bed. 
As in the conventional bell-jar type reactor, a Si-H Cl 

based silane compound, e.g., monosilane (SiH), dichlorosi 
lane (SiH,Cl), trichlorosilane (SiHCl), silicon tetrachloride 
(SiCl) or a mixture thereof is used in the fluidized bed reactor 
as the silicon-containing reaction gas, which can further com 
prise at least one gas component selected from hydrogen, 
nitrogen, argon, helium, etc. 

For the silicon deposition to prepare polycrystalline sili 
con, the reaction temperature, or the temperature of silicon 
particles, should be maintained at about 600-850° C. for 
monosilane, while being about 900-1,100° C. for trichlorosi 
lane which is most widely used. 
The process of silicon deposition, which is caused by ther 

mal decomposition and/or hydrogen reduction of silicon 
containing reaction gas, includes various elementary reac 
tions, and there are complex routes where silicon atomsgrow 
into granular particles depending on the reaction gas. How 
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2 
ever, regardless of the kind of the elementary reactions and 
the reaction gas, the operation of the fluidized bed reactor 
yields polycrystalline silicon product in the form of particles, 
that is, granules. 

Here, Smaller silicon particles, i.e., seed crystals become 
bigger in size due to continuous silicon deposition or the 
agglomeration of silicon particles, thereby losing fluidity and 
ultimately being moved downwards. The seed crystals may 
be prepared or generated in situ in the fluidized bed itself, or 
Supplied into the reactor continuously, periodically or inter 
mittently. Thus prepared bigger particles, i.e., polycrystalline 
silicon product may be discharged from the lower part of the 
reactor continuously, periodically or intermittently. 
Due to the relatively high surface area of the silicon par 

ticles, the fluidized bed reactor system provides a higher 
reaction yield than that by the bell-jar type reactor system. 
Further, the granular product may be directly used without 
further processing for the follow-up processes such as single 
crystal growth, crystal block production, Surface treatment 
and modification, preparation of chemical material for reac 
tion or separation, or shaped body or pulverization of silicon 
particles. Although these follow-up processes have been 
operated in a batchwise manner, the manufacture of the 
granular polycrystalline silicon allows the processes to be 
performed in a semi-continuous or continuous manner. 
The biggest stumbling block in continuous production of 

particle-shaped, i.e., granular polycrystalline silicon using a 
fluidized bed reactor is that silicon deposition by the reaction 
gas occurs not only on the Surfaces of the silicon particles 
heated to a high temperature but also on the surfaces of the 
reactor components that are inevitably exposed to or in con 
tact with the hot silicon particles. 

Silicon deposition occurs and is accumulated on the hot 
solid surfaces inside the fluidized bed reactor, including the 
silicon particles, the inner wall of the reactor tube and the 
reaction gas Supplying means, all of which are exposed to the 
reaction gas. The thickness of the accumulated deposition 
layer increases with time. Here, it beneficially conforms to 
the purpose of the fluidized-bed deposition process that the 
thickness of the silicon deposition layer gradually increases 
on the Surfaces of the silicon seed crystals or silicon particles. 
It is however disastrous when silicon deposition exceeds an 
allowable level at the solid surfaces of the reactor compo 
nents, except for the silicon particles, including the inner wall 
of the reactor tube and/or the reaction gas Supplying means 
exposed to or in contact with the high-temperature fluidizing 
silicon particles. If silicon deposition on Such reactor compo 
nents exceeds the allowed extent of mass or thickness, they 
should be greatly deteriorated in mechanical stability and, in 
the long run, the operation of the reactor has to be stopped. 

For economical production of particle-shaped, i.e., granu 
lar polycrystalline silicon, improvement of the productivity 
of the fluidized bed reactor is essential. Further, for continu 
ous operation of the fluidized bed reactor, which is the pri 
mary advantage of the fluidized-bed silicon deposition pro 
cess, physical stability of the reactor components should be 
secured most of all. Thus, in order to improve the productivity 
of the fluidized bed reactor and secure the mechanical stabil 
ity of the reactor during the silicon deposition process for 
preparing polycrystalline silicon particles, it is required to 
effectively remove the silicon deposit which is formed at the 
reactor components due to their constant exposure to and 
contact with the hot silicon particles and the reaction gas. 
Such an effective removal of the silicon deposit is more 
important in bulk production of polycrystalline silicon par 
ticles using a fluidized bed reactor. But, there are only a few 
techniques related to this. 
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U.S. Pat. No. 5,358,603 (1994) discloses a method for 
removing by an etching method the silicon deposit formed 
specifically on the product discharging means of the fluidized 
bed reactor during the fluidized-bed silicon deposition pro 
cess. This method using an etching gas may also be applied to 
the removal of the silicon deposit formed at the inner wall of 
the reactor tube. However, application of this method basi 
cally requires following steps: first the deposition operation 
should be stopped; all the silicon particles within the fluidized 
bed should be discharged out of the reactor; then a heating 
means should be inserted into the reactor to heat up the silicon 
deposit for an etching reaction, etc. Such cumbersome and 
time-consuming steps limit the application of this method to 
the fluidized-bed deposition process. 

U.S. Pat. No. 6,541,377 (2003) discloses a method of pre 
venting silicon deposition on the outlet Surface of the reaction 
gas Supplying means or removing the silicon deposit formed 
thereon during deposition operation, wherein such objects are 
achieved by Supplying an etching gas including hydrogen 
chloride without interfering with the supply of the reaction 
gas. This method can solve the problem of silicon deposition 
at the outlet of the reaction gas Supplying means without 
affecting the operation of the silicon deposition process. 
However, since the etching gas is selectively Supplied near the 
outlet of the reaction gas Supplying means, the method cannot 
be applied for removing the silicon deposit formed and accu 
mulated on the inner wall of the reactor tube. 

U.S. Pat. Nos. 4,900,411 (1990) and 4,786,477 (1988) 
disclose a method of preventing silicon deposit from accu 
mulating at the gas Supplying means and at the inner wall of 
the reactor tube by circulating a cooling fluid around the 
corresponding components. However, since an excessive 
cooling of Such reactor components in continuous contact 
with hot silicon particles consumes unnecessarily a huge 
amount of energy, this method is economically unfavorable 
considering an additional facility investment and a high pro 
duction cost due to heavy energy consumption for heating 
silicon particles compensating the energy loss. 

Different from other materials used in general chemical 
processes, the components of the fluidized bed reactor for 
preparing high purity polycrystalline silicon, especially, the 
reactor tube in contact with the silicon particles should be 
employed Such that an impurity contamination of them 
should be avoided to the highest degree possible. Therefore, 
selection of the material for the reactor tube is much 
restricted. Due to the high reaction temperature and the char 
acteristic of the reaction gas, metallic materials cannot be 
used for the reactor tube. Meanwhile, it is very difficult, in 
practice, to find a non-metallic, inorganic material that can 
prevent the impurity contamination of the silicon particles 
and ensure sufficient mechanical stability even when the sili 
con deposit becomes heavily accumulated at its inner wall. 
The reactor tube of the fluidized bed reactor for preparation 

of polycrystalline silicon, which is in incessant contact with 
hot, fluidizing silicon particles, is Vulnerable to irregular 
vibration and severe stress. Thus, it is very dangerous to 
continue silicon deposition if the thickness of the silicon 
deposit on the inner wall of the reactor tube exceeds an 
allowed value. 
When removing by a chemical reaction or an etching reac 

tion the silicon deposit formed and accumulated on the inner 
wall of the reactor tube during the silicon deposition for 
preparation of silicon particles, a large portion of the silicon 
particles fluidizing inside the reactor tube can also be 
removed together. That is, selective removal of the silicon 
deposit is almost impossible. Thus, it is the common practice 
to stop the silicon deposition, cool the inside of the reactor 
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4 
while purging with Such an inert gas as hydrogen, nitrogen, 
argon, helium or a mixture thereof, discharge or withdraw the 
cooled silicon particles out of the reactor, disassemble the 
reactor and replace the reactor tube with a new one, reas 
semble the reactor, fill silicon particles into the reactor tube, 
heat the silicon particles Sufficiently and Supply the reaction 
gas again to resume the preparation of silicon particles. How 
ever, much is needed for the disassembling and reassembling 
of the fluidized bed reactor. In addition, the reactor tube tends 
to break when the reactor is cooled because of the difference 
in the degree of thermal expansion of the silicon deposit and 
the reactor tube material. Consequently, the silicon particles 
remaining inside the reactor tube are contaminated and the 
fragments of the reactor tube make the process of disassem 
bling difficult. 

Because the silicon deposit accumulated on the inner wall 
of the reactor tube reduces the productivity of the fluidized 
bed reactor and increases the production cost, a Solution for 
this problem is needed. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 schematically illustrates the method for preparing 
granular polycrystalline silicon in accordance with the 
present invention. 

FIG. 2 schematically illustrates the silicon particle prepa 
ration step of the present invention. 

FIG.3 schematically illustrates the silicon deposit removal 
step of the present invention. 

FIG. 4 schematically illustrates another example of the 
silicon particle preparation step of the present invention. 

FIG. 5 schematically illustrates another example of the 
silicon deposit removal step of the present invention. 

FIG. 6 schematically illustrates the various constructions 
of the fluidized bed reactor applicable to the preparation of 
granular polycrystalline silicon in accordance with the 
present invention. 

FIG. 7 schematically illustrates another various construc 
tions of the fluidized bed reactor applicable to the preparation 
of granular polycrystalline silicon in accordance with the 
present invention. 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a method 
for continual preparation of polycrystalline silicon enabling 
effective removal of silicon deposit formed on the inner wall 
of the reactor tube of the fluidized bed reactor during the 
preparation of granular polycrystalline silicon, and thus, 
enabling a stable, long-term operation of the fluidized bed 
reactOr. 

Hereunder is given a detailed description of the present 
invention. 
To attain the afore-mentioned object, the present invention 

provides a method for preparation of polycrystalline silicon 
using a fluidized bed reactor for preparation of granular poly 
crystalline silicon, in which a reaction gas outlet of a reaction 
gas Supplying means, that Supplies a silicon-containing reac 
tion gas so that silicon deposition may occur while the bed of 
silicon particles formed inside a reactor tube remains fluid 
ized, is located inside of the bed of silicon particles and, with 
the outlet end as the reference height, the upper and lower 
spaces in the reactor tube are respectively defined as a reac 
tion Zone provided for silicon deposition by the reaction gas 
and a heating Zone provided for heating the silicon particles, 
and which comprises: 
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(i) a silicon particle preparation step, wherein the reaction 
gas is Supplied by the reaction gas Supplying means so that 
silicon deposition occurs on the Surface of the silicon particles 
in contact with the reaction gas, while silicon deposit is accu 
mulated on the inner wall of the reactor tube encompassing 
the reaction Zone; 

(ii) a silicon particle partial discharging step, wherein, 
without requiring the Supply of the reaction gas, a part of the 
silicon particles remaining inside the reactor tube is dis 
charged out of the fluidized bed reactor so that the height of 
the bed of the silicon particles does not exceed the height of 
the outlet; and 

(iii) a silicon deposit removal step, wherein the silicon 
deposit is removed by Supplying an etching gas into the 
reaction Zone, which reacts with the silicon deposit to form 
gaseous silicon compounds. 
The present invention also relates to a method for prepara 

tion of polycrystalline silicon which further comprises (iv) a 
silicon particle replenishing step, wherein, after removing the 
silicon deposit and terminating the Supply of the etching gas, 
silicon particles are replenished into the reactor tube to form 
a bed of silicon particles in the reaction Zone. 
The present invention also relates to a method for prepara 

tion of polycrystalline silicon wherein the cycle comprising 
the steps (i), (ii), (iii) and (iv) is repeated. 

The present invention also relates to a method for prepara 
tion of polycrystalline silicon in which the fluidized bed reac 
tor comprises a reactor shell which encompasses the reactor 
tube, and the inner space of the reactor tube is defined as an 
inner Zone where the bed of silicon particles is present and the 
heating Zone and the reaction Zone are included, while the 
space between the reactor tube and the reactor shell is defined 
as an outer Zone where the bed of silicon particles is not 
present and silicon deposition does not occur. 
The present invention also relates to a method for prepara 

tion of polycrystalline silicon in which (i) the silicon particle 
preparation step comprises the Sub-steps of 

Supplying a fluidizing gas to the bed of silicon particles in 
the heating Zone using a fluidizing gas Supplying means so 
that the bed of silicon particles formed in the reaction Zone 
becomes fluidized; 

heating the silicon particles with a heating means equipped 
at the inner Zone and/or the outer Zone of the reactor tube; 

discharging a part of the silicon particles prepared in the 
inner Zone out of the fluidized bed reactor using a particle 
discharging means; and discharging an off-gas gas compris 
ing the fluidizing gas, which passes through the bed of silicon 
particles, a non-reacted reaction gas and a byproduct gas out 
of the fluidized bed reactor using a gas discharging means. 
The present invention also relates to a method for prepara 

tion of polycrystalline silicon in which an inert gas compris 
ing at least one selected from nitrogen, argon and helium is 
Supplied to the outer Zone in order to maintain the outer Zone 
under an inert gas atmosphere. 

The present invention also relates to a method for prepara 
tion of polycrystalline silicon in which the difference of the 
pressure at the outer Zone (P) and the pressure at the inner 
Zone (P.) is maintained satisfying the condition of Obars Po 
Pis1 bar. 
The present invention also relates to a method for prepara 

tion of polycrystalline silicon in which the etching gas com 
prises at least one chlorine-containing Substance selected 
from silicon tetrachloride (SiCla), hydrogen chloride (HCl) 
and chlorine (Cl). 
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6 
The present invention also relates to a method for prepara 

tion of polycrystalline silicon in which the etching gas further 
comprises at least one Substance selected from hydrogen, 
nitrogen, argon and helium. 
The present invention also relates to a method for prepara 

tion of polycrystalline silicon in which, in (i) the silicon 
particle preparation step and/or (iii) the silicon deposit 
removal step, the absolute pressure at the reaction Zone is 
maintained at in the range of 1-20 bar. 
The present invention also relates to a method for prepara 

tion of polycrystalline silicon in which (iii) the silicon deposit 
removal step comprises the Sub-step of removing the silicon 
deposit formed at the reaction gas outlet of the reaction gas 
Supplying means using the etching gas. 
The present invention also relates to a method for prepara 

tion of polycrystalline silicon in which (iii) the silicon deposit 
removal step is carried out by Supplying the etching gas using 
the reaction gas Supplying means and/or an etching gas Sup 
plying means the outlet of which is exposed to the reaction 
ZO. 

The present invention also relates to a method for prepara 
tion of polycrystalline silicon in which, in (iii) the silicon 
deposit removal step, a fluidizing gas is Supplied to the bed of 
silicon particles remained in the heating Zone using a fluid 
izing gas Supplying means so that the bed of the silicon 
particles is maintained as a fixed bed in which the particles 
become immobile or as a fluidized bed in which a part of the 
particles remains fluidized. 
The present invention also relates to a method for prepara 

tion of polycrystalline silicon in which the fluidizing gas 
comprises at least one substance selected from hydrogen, 
nitrogen, argon, helium, silicon tetrachloride, trichlorosilane, 
dichlorosilane and hydrogen chloride. 
The present invention also relates to a method for prepara 

tion of polycrystalline silicon in which a fixed bed of packing 
materials that are not fluidized by the fluidizing gas is formed 
in addition to the bed of silicon particles at the lower space of 
the heating Zone. 
The present invention also relates to a method for prepara 

tion of polycrystalline silicon in which, in (iii) the silicon 
deposit removal step, an etching-step off-gas including the 
fluidizing gas being passed through the bed of silicon par 
ticles, a non-reacted etching gas and/or an etching reaction 
product gas is discharged out of the fluidized bed reactor 
using a gas discharging means. 
The present invention also relates to a method for prepara 

tion of polycrystalline silicon in which the reaction gas com 
prises at least one silicon-containing Substance selected from 
monosilane (SiH), dichlorosilane (SiH,Cl), trichlorosilane 
(SiHCl) and silicon tetrachloride (SiCl). 
The present invention also relates to a method for prepara 

tion of polycrystalline silicon in which, in (iii) the silicon 
deposit removal step, the temperature of a part of the silicon 
deposit is maintained within the range of 500-1,250° C. 
The present invention also relates to a method for prepara 

tion of polycrystalline silicon in which, in (iii) the silicon 
deposit removal step, the silicon deposit is heated by a heating 
means equipped at the inner Zone of the reactor tube and/or at 
the outer Zone. 

Hereinafter, the present invention is described in detail 
referring to the appended drawings. 
As schematically illustrated in FIG. 2, in the preparation of 

granular polycrystalline silicon using a fluidized bed reactor, 
the fluidized bed of silicon particles should be formed inside 
a reactor tube capable of minimizing impurity contamination 
for preparation of high purity silicon particles. 
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Including thermal decomposition and/or hydrogen reduc 
tion of the silicon-containing reaction gas (11r), silicon depo 
sition reaction (Rd) occurs not only on the surface of hot 
silicon particles (3) in contact with the reaction gas (11r) but 
also, inevitably, on the inner wall of the reactor tube (2). 

In the fluidized bed reactor of the present invention as 
illustrated in FIG. 2, a reaction gas outlet of a reaction gas 
Supplying means (15r), that Supplies a silicon-containing 
reaction gas (11r) so that silicon deposition may occur while 
the bed of silicon particles (3) formed inside a reactor tube (2) 
remains fluidized, is located inside of the bed of silicon par 
ticles (3) and, with the outlet end as the reference height, the 
upper and lower spaces in the reactor tube are respectively 
defined as a reaction Zone (Z) provided for the silicon depo 
sition reaction (Rd) by the reaction gas and a heating Zone 
(Z) provided for heating the silicon particles (3). 

During a silicon preparation step in Such a fluidized bed 
reactor, the reaction gas (11r) is Supplied through the reaction 
gas Supplying means (15r), silicon deposition occurs on the 
surface of the silicon particles (3) in contact with the reaction 
gas (11r). Here, silicon deposition also occurs at the reactor 
components encompassing the reaction Zone (Z), i.e., on the 
inner wall of the reactor tube (2) and/or on the surface of the 
reaction gas outlet of the reaction gas Supplying means (15r). 
The thickness of the silicon deposit (D) increases with time, 
and then the inner diameter of the reaction Zone (Z) 
decreases thereby. 
As a result, the structural stability of the reactor tube (2) is 

deteriorated greatly as it is exposed to the fluidization of hot 
silicon particles (3). Thus, if the thickness of the silicon 
deposit (D) exceeds a predetermined allowable value, prepa 
ration of silicon particles by the silicon deposition reaction 
(Rd) should be interrupted by terminating the supply of the 
reaction gas (11r). 
When the diameter of the reactor tube (2) of a fluidized bed 

reactor is increased, the ratio of the area of the inner wall to 
the inner space Volume becomes significantly lowered, result 
ing in slower accumulation of the silicon deposit (D) by 
silicon deposition (R). Consequently, it takes longer for the 
thickness of the silicon deposit (D) to reach an allowable 
maximum value. Thus, for large-scale fluidized bed reactors 
used for commercial-scale production, the silicon particle 
preparation step can be sustained for from a few days to 
several weeks. 
When the thickness of the silicon deposit (D) reaches near 

the allowed maximum value, the operation of silicon deposi 
tion is required to be stopped. It is conventional that, after the 
inside of the reactor is cooled down Sufficiently by purging 
with an inert gas Such as hydrogen, nitrogen, argon, helium, 
etc., all the cooled silicon particles (3) are discharged out of 
the reactor, the reactor is disassembled, the reactor tube (2) is 
replaced with a new one, and then the reactor is reassembled 
for another silicon particles preparation step. On the contrary, 
the present invention makes it possible to resume silicon 
deposition after removing the silicon deposit (D) without the 
need of disassembling the fluidized bed reactor. 

In accordance with the present invention, the silicon par 
ticles preparation step is followed by a silicon particle partial 
discharging step, wherein, without requiring the Supply of the 
reaction gas (11r), a part of the silicon particles (3) remaining 
inside the reactor tube is discharged out of the fluidized bed 
reactor so that the height of the bed of the residual silicon 
particles (3) within the reactor tube does not substantially 
exceed the height of the reaction gas outlet of the reaction gas 
Supplying means (15r). 

Subsequently a silicon deposit removal step follows the 
silicon particle partial discharging step. As illustrated in FIG. 
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8 
3 or FIG. 5, an etching gas (11e) which is capable of reacting 
with the silicon deposit (D) and forming gaseous silicon 
compounds is Supplied into the space of the reaction Zone 
(Z), where the bed of silicon particles has been substantially 
removed, to effectively remove the silicon deposit (D) by 
etching reaction (R). In this silicon deposit removal step, the 
silicon deposit (D) accumulated on the inner wall of the 
reactor tube (2) is removed, while the silicon deposit (D') 
accumulated on the Surface of the reaction gas outlet of the 
reaction gas Supplying means (15r) may also be removed by 
its natural contact with the etching gas (11e) introduced. 
As described hereinbefore, the reaction gas outlet of the 

reaction gas Supplying means (15r), which Supplies the sili 
con-containing reaction gas (11r), is located inside of the bed 
of silicon particles (3) during the silicon particles preparation 
step, so that silicon deposition may occur in the fluidized bed 
of silicon particles (3) inside the reactor tube (2). With the 
outlet end as the reference height, the upper and lower spaces 
in the reactor tube (2) are respectively defined as a reaction 
Zone (Z) provided for silicon deposition reaction (Rd) by the 
reaction gas (11r) and a heating Zone (Z) provided for heat 
ing the silicon particles (3). 

It is preferred that the silicon particle preparation step, in 
which silicon product particles are prepared by silicon depo 
sition on the surface of the silicon particles (3) in contact with 
the reaction gas (11r) Supplied by the reaction gas Supplying 
means (15r), can be sustained as long as possible in the 
fluidized bed reactor. However, inevitably in this step, the 
silicon deposit (D) is also formed and accumulated on the 
inner wall of the reactor tube (2) encompassing the reaction 
Zone (Z). 

In order to remove the silicon deposit (D), the present 
invention comprises a silicon particle partial discharging step 
in which, without requiring the Supply of the reaction gas, 
(11r), a part of the silicon particles (3) is discharged out of the 
fluidized bed reactor, so that the height of the bed of silicon 
particles (3) remaining inside the reactor tube (2) does not 
exceed the height of the outlet, and a silicon deposit removal 
step in which an etching gas (11e), that reacts with the silicon 
deposit (D) to form gaseous silicon compounds, is Supplied 
into the space of the reaction Zone (Z) for removing the 
silicon deposit (D). 
Once the silicon deposit (D) accumulated on the inner wall 

of the reactor tube (2) is substantially removed with the etch 
ing gas via the silicon deposit removal step, it is no more 
necessary to Supply the etching gas (11e) further. 

After completion of the silicon deposit removal step and 
termination of the Supply of the etching gas (11e), a silicon 
particle replenishing step follows in which silicon particles 
(3) Substantially corresponding to the amount discharged out 
of the reactor during the silicon particle partial discharging 
step are replenished into the reactor tube (2) to form a bed of 
silicon particles (3) in the reaction Zone (Z). 

Then, the silicon particle preparation step, in which silicon 
deposition occurs on the Surface of fluidized silicon particles 
(3) by Supplying the reaction gas (11r) into the reaction Zone 
(Z) using the reaction gas Supplying means (15r), can be 
resumed. 
To Summarize, the present invention may ultimately pro 

vide a method for continual preparation of polycrystalline 
silicon following the sequential steps of the step in which the 
reaction gas is Supplied to the reaction Zone (Z) of the reactor 
tube (2), so that silicon particles are prepared by silicon 
deposition on the surface of the silicon particles (3) while the 
silicon deposit (D) is accumulated; the step in which, without 
requiring the Supply of the reaction gas, a part of the silicon 
particles is discharged out of the fluidized bed reactor; the 
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step in which the etching gas is Supplied into the reaction Zone 
(Z) to remove the silicon deposit (D); and the step in which, 
after the Supply of the etching gas is terminated, silicon par 
ticles are replenished to the reaction Zone (Z) inside the 
reactor tube (2). 

At a high temperature around the reaction temperature of 
the silicon deposition (R), the rate of the etching reaction 
(R) of the silicon deposit (D) with the etching gas (11e) 
becomes very high. Thus, the silicon deposit removal step 
may be completed very rapidly within from a few minutes to 
several hours. 

Further, because the amount of the silicon particles to be 
discharged during the silicon particle partial discharging step 
is smaller than the total amount of the silicon particles resid 
ing in the reactor tube (2) during the silicon particle prepara 
tion step, the time required for the silicon deposit removal 
step and the silicon particle replenishing step is very short as 
compared with that required for the silicon particle prepara 
tion step and is of little burden to the productivity of the 
reactOr. 

In accordance with the present invention, which offers a 
method for removing the silicon deposit (D) during the prepa 
ration of polycrystalline silicon particles, it is possible to 
prepare silicon particles by repeating the silicon deposition 
cycles with each cycle comprising: (i) the silicon particle 
preparation step, (ii) the silicon particle partial discharging 
step, (iii) the silicon deposit removal step and (iv) the silicon 
particle replenishing step, as Summarized in FIG.1. Accord 
ing to this process, the reactor needs not be disassembled and 
the reactor tube (2) can be continuously used although the 
silicon deposit (D) is accumulated on the inner wall of the 
reactor tube (2) or on other components of the reactor during 
the silicon particle preparation step. This is possible because 
the silicon deposit (D) can be removed quickly without the 
need of disassembling the fluidized bed reactor. Then, 
through the silicon particle replenishing step, it is also pos 
sible to execute silicon deposition cycles in a repeated manner 
by quickly resuming the silicon particle preparation step. 
When a continual preparation of polycrystalline silicon 

particles is achieved by repeated silicon deposition cycles 
according to the present invention, it is possible to relieve 
greatly the inevitable problems such as the accumulation of 
silicon deposit (D) at the reactor components, the decreased 
reactor productivity resulting from the disassembly and reas 
sembly of the fluidized bed reactor and the subsequent 
increase in production cost, thereby major advantages of pre 
paring granular polycrystalline silicon by the fluidized bed 
deposition process being realized. 
The reactor components that contact the hot silicon par 

ticles (4) and are exposed to the reaction gas (11r) during the 
silicon particle preparation step include Such solid Surfaces 
the inner wall of the reactor tube (2) and/or the reaction gas 
outlet of the reaction gas Supplying means (15r). As the 
etching gas (11e) is supplied to the reaction Zone (Z) during 
the silicon deposit removal step, not only the silicon deposit 
(D) accumulated on the inner wall of the reactor tube (2) but 
also the silicon deposit (D") accumulated at the reaction gas 
outlet of the reaction gas Supplying means (15r) is exposed to 
the etching gas (11e) and removed by etching reaction (R). 
Thus, in accordance with the present invention, not only the 
silicon deposit (D) accumulated on the inner wall of the 
reactor tube (2) but also the silicon deposit (D") accumulated 
at the reaction gas outlet of the reaction gas Supplying means 
(15r) can be removed by the etching gas (11e). 
As described above, the present invention can be applied to 

any type of fluidized bed reactor in which the bed of the 
silicon particles (3) is divided into the reaction Zone (Z) and 
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10 
the heating Zone (Z), with the outlet end of the reaction gas 
Supplying means (15r) being taken as the reference height. 
Thus, the present invention can be widely applied in the 
preparation of granular polycrystalline silicon. 

For example, as schematically illustrated in FIG. 4 and 
FIG. 5, a reactor tube (2) may be installed inside a reactor 
shell (1) having a Superior mechanical strength, so that the 
reactor shell (1) encompasses the reactor tube (2). The inner 
space of the reactor tube (2) is defined as an inner Zone (4) 
where the bed of silicon particles (3) is present. The inner 
Zone (4) includes aheating Zone (Z) and a reaction Zone (Z). 
Meanwhile, the space between the reactor tube (2) and the 
reactor shell (1) is defined as an outer Zone (5) where the bed 
of silicon particles is not present and silicon deposition reac 
tion (R) does not occur. 
The silicon particle preparation step executed using the 

fluidized bed reactor may comprise the Sub-steps of Supply 
ing a fluidizing gas (10) to the bed of silicon particles (3) in the 
heating Zone (Z) using a fluidizing gas Supplying means (14) 
so that the bed of silicon particles (3) formed in the reaction 
Zone (Z) becomes fluidized; heating the silicon particles (3) 
with a heating means (8a, 8b) equipped at the inner Zone (4) 
and/or the outer Zone (5) of the reactor tube (2); discharging 
a part of the silicon particles (3.b) prepared in the inner Zone 
(4) out of the fluidized bed reactor using aparticle discharging 
means (16); and discharging an off-gas (13r) comprising the 
fluidizing gas (10), which passes through the bed of silicon 
particles, a non-reacted reaction gas and a byproduct gas out 
of the fluidized bed reactor using a gas discharging means 
(17). 

During the silicon deposit removal step, it is possible to 
remove the silicon deposit by Supplying the etching gas (11e) 
to the reaction Zone (Z) using a reaction gas Supplying means 
(15r) and/or an etching gas Supplying means (15e) the outlet 
of which is exposed to the reaction Zone (Z). For example, 
the etching gas (11e) may be supplied to the reaction Zone (Z) 
instead of the reaction gas (11r) using the reaction gas Sup 
plying means (15r) as an etching gas Supplying means (15e), 
as schematically illustrated in FIG.3, in order to carry out the 
silicon deposit removal step. In this case, the reaction gas 
Supplying means (15r), i.e., the etching gas Supplying means 
(15e) may be constructed such that the reaction gas (11r) and 
the etching gas (11e) can pass through the same route or 
nozzles, or such that the reaction gas (11r) and the etching gas 
(11e) can pass through different routes or nozzles. Alterna 
tively, as schematically illustrated in FIG. 5, the etching gas 
(11e) may be supplied using an etching gas Supplying means 
(15e) which is equipped independently of the reaction gas 
supplying means (15r) in the inner Zone (4) of the fluidized 
bed reactor and the outlet of which is exposed to the reaction 
Zone (Z). As an alternative, the silicon deposit removal step 
may be carried out by Supplying the etching gas (11e) to 
reaction Zone (Z) using both the reaction gas Supplying 
means (15r) and the etching gas Supplying means (15e). 
The present invention is characterized in that the bed of 

silicon particles (3) is always present in part or whole of the 
heating Zone (Z) inside the reactor tube (2) in all the steps 
comprised in each silicon deposition cycle, that is, (i) the 
silicon particle preparation step; (ii) the silicon particle partial 
discharging step; (iii) the silicon deposit removal step; and 
(iv) the silicon particle replenishing step. 

During the silicon particle preparation step, it is required 
that the bed of silicon particles (3) be formed not only in the 
heating Zone (Z) but also in the reaction Zone (Z) and that 
the silicon particles (3) in the two zones can be mixed with 
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each other while at least the silicon particles (3) present in the 
reaction Zone (Z) remain fluidized, as schematically illus 
trated in FIG. 2 or FIG. 4. 

The bed of the silicon particles (3) present in the heating 
Zone (Z) may be a fixed bed, but it is preferred that a fluid 
izing gas (10) be Supplied by a fluidizing gas Supplying means 
(14) so that at least the particles present at the upperpart of the 
heating Zone (Z) remain fluidized for effective exchange of 
the silicon particles between the two Zones (Z, Z). 

During the silicon particle partial discharging step, the 
height of the bed of silicon particles (3) within the reactor tube 
(2) becomes lowered with time to or below the height of the 
reaction gas outlet of the reaction gas Supplying means (15r). 
Although not necessary, an appropriate amount of the fluid 
izing gas (10) may be Supplied for efficient discharge of the 
particles. 

Fluidization of the silicon particles (3) as mentioned in the 
present description means the possibility of a change in the 
spatial position of the silicon particles with time caused by the 
flow of gas through the particles, the movement and evolution 
of gas bubbles, and/or the motion of neighboring particles. 

During the silicon deposit removal step, the whole or part 
of the bed of silicon particles present in the heating Zone (Z) 
may remain as fixed or partly fluidized by Supplying the 
fluidizing gas (10) by the fluidizing gas Supplying means (14). 

And, during the silicon particle replenishing step, the 
whole or a part of the bed of silicon particles present in the 
heating Zone (Z) may remain as fixed or partly fluidized by 
Supplying the fluidizing gas (10) by the fluidizing gas Supply 
ing means (14). 

Meanwhile, during the silicon deposit removal step, it is 
required that an etching-step off-gas (13e) comprising the 
fluidizing gas being passed through the bed of silicon par 
ticles (3) be remained, and a non-reacted etching gas and/or 
an etching reaction product gas be discharged out of the 
fluidized bed reactor using a gas discharging means (17) as 
schematically illustrated in FIG. 5. 

Since the fluidizing gas (10) used in the whole or a part of 
the silicon deposition cycles in accordance with the present 
invention passes through the bed of silicon particles (3) resid 
ing in the heating Zone (Z) as illustrated in FIGS. 2-7, it 
should be purified to avoid contamination of the silicon par 
ticles. Preferably, the fluidizing gas (10) is one not reacting 
with the silicon particles and is selected from hydrogen, nitro 
gen, argon and helium. The fluidizing gas (10) may further 
comprise a chlorine compound more dense and viscous than 
the non-reactive gas components, which may be obtained 
during the preparation of polycrystalline silicon or contained 
in the reaction byproduct gas, such as silicon tetrachloride 
(SiCl), trichlorosilane (SiHCl), dichlorosilane (SiH,Cl), 
hydrogen chloride (HCl), etc. In case the chlorine compound 
is added to the non-reactive gas, it is required that the allowed 
content range of the chlorine compound be predetermined 
through thermodynamic balance analysis or a simple prelimi 
nary experiment, so that silicon deposition or silicon etching 
cannot occur in a detectable level between the high purity 
silicon particles (3), residing in the heating Zone (Z), and the 
fluidizing gas (10). Thus, the fluidizing gas (10) used in the 
present invention may comprise at least one Substance 
selected from hydrogen (H2), nitrogen (N2), argon (Ar), 
helium (He), silicon tetrachloride (SiC), trichlorosilane (Si 
HCl), dichlorosilane (SiH,Cl) and hydrogen chloride 
(HCl). 
The fluidizing gas (10) mentioned in the present descrip 

tion represents a gas Supplied by the fluidizing gas Supplying 
means (14) into the bed of silicon particles (3) residing in the 
heating Zone (Z). As mentioned hereinbefore, the Supply rate 
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of the fluidizing gas (10) can be adjusted differently at each 
step of a silicon deposition cycle. Accordingly, the Supply of 
the fluidizing gas (10) does not necessarily cause the fluidi 
zation of the silicon particles (3). 

In order to form, at least in part, the fluidized bed of silicon 
particles (3) in the reaction Zone (Z) and/or the heating Zone 
(Z), a considerable amount of fluidizing gas (10) has to be 
supplied, and the load of the heating means (8a, 8b) for 
heating the gas increases accordingly. Thus, as schematically 
illustrated in FIG. 4 and FIG. 5, it is optional to construct the 
fluidized bed reactor such that a fixed bed, i.e., a packed bed 
of non-fluidizable packing materials (22) is formed in addi 
tion to the bed of silicon particles (3) at the lower part of the 
heating Zone (Z), so that the Supply of the fluidizing gas (10) 
per unit time may not become excessive. In order to form the 
fixed bed of the packing materials (22), it is required that the 
average unit weight of the packing materials be at least 5-10 
times higher than that of the silicon particles, the fixed bed be 
not physically deformed by the movement or fluidization of 
the silicon particles (3) and the material be selected so that 
impurity contamination of the silicon particles (3) can be 
minimized. While the silicon deposition cycles are repeated, 
the packing materials (22) remain almost stationary without 
being moved along with the silicon particles (3) or dis 
charged. Also, they can perform the function of a gas distrib 
uting means for distributing the fluidizing gas (10) more 
uniformly at the lower part of the heating Zone (Z). Further, 
their surface can indirectly increase the heat transfer area of 
the heating means (8a) at the heating Zone (Z) when they are 
installed together with a heating means (8a). 
The reaction gas (11r) Supplied to the reaction Zone (Z) 

during the silicon particle preparation step should comprise a 
silicon-containing Substance, so that silicon deposition may 
occur to yield granular polycrystalline silicon. The reaction 
gas (11r) may comprise at least one substance selected from 
monosilane (SiH), dichlorosilane (SiH,Cl), trichlorosilane 
(SiHCl) and silicon tetrachloride (SiCl). The reaction gas 
(11r) may comprise only the afore-mentioned silicon depo 
sition source material. However, it may further comprise at 
least one gas component selected from hydrogen, nitrogen, 
argon, helium and hydrogen chloride (HCl). In addition to 
Supplying the source material for silicon deposition, the reac 
tion gas (11r) contributes to the fluidization of the silicon 
particles (3) in the reaction Zone (Z) together with the fluid 
izing gas (10). 
The etching gas (11e), which is Supplied to the reaction 

Zone (Z) to remove the silicon deposit (D) by forming gas 
eous silicon compounds through its reaction with the silicon 
deposit (D) during the silicon deposit removal step, may 
comprise at least one chlorine-containing Substance selected 
from silicon tetrachloride (SiCla), hydrogen chloride (HCl) 
and chlorine (Cl). 
The etching reaction (R) triggered by the etching gas (11e) 

may comprise: (1) trichlorosilane formation from a mixture 
of silicon tetrachloride/silicon metal/hydrogen; (2) chlorosi 
lane formation from a mixture of silicon metal/hydrogen 
chloride or silicon metal/hydrogen chloride/hydrogen; and/or 
(3) chlorosilane formation from a mixture of silicon metal/ 
chlorine. Other than the chlorine-containing Substance, there 
are many compounds that can remove the silicon deposit 
through their reaction with silicon. But, the chlorine-contain 
ing Substance is preferred in the present invention to prevent 
any impurity contamination by limiting the chemical reac 
tions involved in the repeated silicon deposition cycles within 
the Si-H Cl system. The etching gas (11e) used in the 
present invention may comprise only the chlorine-containing 
Substance. But, it may further comprise at least one Substance 
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selected from hydrogen, nitrogen, argon and helium. If the 
content of the chlorine-containing Substance in the etching 
gas mixture comprising the diluent gas is too low, the rate of 
etching reaction decreases. Thus, it is preferred not to dilute 
the etching gas Supplied in the silicon deposit removal step 
too much. For example, if hydrogen chloride is used as the 
chlorine-containing Substance, it is preferred that the molar 
concentration of the diluent gas do not exceed about 2-3 times 
that of hydrogen chloride. 

During the silicon particle preparation step, the reaction 
temperature for silicon deposition, or the temperature of the 
silicon particles, should be maintained high. While the reac 
tion temperature for monosilane is about 600-850° C., the 
temperature for trichlorosilane, which is more widely used 
for commercial purpose, is as high as about 900-1,150° C. 

During the silicon deposit removal step, it is preferred that 
the temperature of the part of the silicon deposit (D) be kept 
within the range of from 500 to 1,250° C. in order to signifi 
cantly increase the rate of the etching reaction (R). At a 
temperature lower than 500° C., the etching reaction (R) of 
the silicon deposit (D) composed of high purity silicon does 
not begin very quickly. At a temperature higher than 1,250° 
C., the rate of the etching reaction (R) is very high, but it is 
highly likely that the wall of the reactor tube (2) covered by 
the silicon deposit (D) be physically damaged by the reaction 
heat generated. In order to reduce the time required for the 
etching reaction (R), it is preferred to heat the silicon deposit 
(D) using a heating means (8a, 8b) equipped at the inner Zone 
(4) and/or the outer Zone (5) during the silicon deposit 
removal step. Heating of the silicon deposit (D) using the 
heating means (8a, 8b) may be carried out not only directly by 
radiation heating, but also indirectly by the fluidizing gas 
(10), the etching gas (11e) and/or the bed of silicon particles 
(3) heated by the heating means (8a, 8b). Once part of the 
silicon deposit (D) is heated to 500-1,250° C., it is quickly 
removed by the etching reaction (R) with the etching gas 
(11e) and the remaining silicon deposit (D) may be heated in 
situ by the reaction heat of the etching reaction (R). Thus, it 
is not necessary to uniformly heat the whole deposit. 

For large-scale production of polycrystalline silicon par 
ticles by repeating the silicon deposition cycles in accordance 
with the present invention, it is required to maximize the rate 
of silicon deposition in the fluidized bed reactor and the rate 
of etching reaction (R) of the silicon deposit (D). Thus, it is 
preferred that the absolute pressure in the reaction Zone (Z) 
be maintained within 1-20 bar during the silicon particle 
preparation step and/or the silicon deposit removal step. If 
absolute pressure (P.) in the reaction Zone (Z) is lower than 1 
bar, the rate of silicon deposition or etching reaction (R) is 
not high enough, making the process unproductive. In con 
trast, if it is higher than 20 bar, it is difficult to maintain the 
reaction temperature even when many heating means (8a, 8b) 
are installed in the inner space of the reactor shell (1) to heat 
the silicon particles (3). Thus, it is preferred that the absolute 
pressure (P.) in the reaction Zone (Z) be selected in the range 
of from about 1 to 20 bar. 

Hereunder is given a detailed description of the construc 
tion of a fluidized bed reactor which may effectively carry out 
(i) the silicon particle preparation step; (ii) the silicon particle 
partial discharging step; (iii) the silicon deposit removal step; 
and (iv) the silicon particle replenishing step in accordance 
with the present invention and may improve the productivity 
in preparing polycrystalline silicon particles by repeating the 
silicon deposition cycles in a continual manner. 

Based on the silicon particle preparation step of the present 
invention, FIG. 6 and FIG. 7 illustrate respectively in a com 
prehensive way the schematics of the embodiments of a flu 
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idized bed reactor that can be used to prepare granular poly 
crystalline silicon by repeating silicon deposition cycles. 
The fluidized bed reactor that can be used for the present 

invention comprises a reactor tube (2) and a reactor shell (1). 
The inner space of the reactor is isolated from the outside of 
the reactor by the reactor shell (1). The reactor shell (1) 
encompasses the reactor tube (2) which is installed vertically 
in the inner space of the reactor. That is, the reactor tube (2) is 
installed vertically inside the reactor shell (1), so that the 
reactor shell (1) encompasses the reactor tube (2). The inner 
space of the reactor tube (2) is defined as an inner Zone (4) in 
which the bed of silicon particles (3) is present and silicon 
deposition occurs. Further, the space between the reactor tube 
(2) and the reactor shell (1) is defined as an outer Zone (5) in 
which the bed of silicon particles (3) is not present and silicon 
deposition does not occur. 
The reactor shell (1) may be made of a metallic material 

with reliable mechanical strength and easy processability 
Such as carbon steel, stainless steel or other alloy steels. As set 
forth in FIG. 6 and FIG. 7, the reactor shell (1) may be 
composed of several components (1a, 1b, 1c. 1d) for conve 
nience in fabrication, assembly and disassembly. 

It is important to assemble the components of the reactor 
shell (1) using gaskets or sealing materials made of a variety 
of materials in order to completely isolate the inside of the 
reactor from the outside. The components of the reactor shell 
(1) may be in the form of a cylindrical pipe, a flange, a tube 
with fittings, a plate, a cone, an ellipsoid or a double-wall 
jacket with a cooling medium flowing in between the walls, 
etc. The inner Surface of each component may be coated with 
a protective layer or be additionally installed with a protective 
wall in the form of tube or shaped liner, which may be made 
of a metallic material or a non-metallic material Such as 
organic polymer, ceramic or quartz, etc. 
Some of the components of the reactor shell (1), illustrated 

as 1a, 1b, 1c and 1d in FIG. 6 and FIG. 7, are preferred to be 
maintained below a certain temperature by using a cooling 
medium Such as water, oil, gas and air for protecting the 
equipment or operators, or for preventing any thermal expan 
sion in equipment or a safety accident. Although not shown in 
FIG. 6 and FIG. 7, the components that need to be cooled are 
preferably designed to comprise a coolant-circulating means 
at their inner or outer walls. Alternatively, an insulation mate 
rial may be equipped on the outer surface of the reactor shell 
(1) for protection of operators and prevention of excessive 
heat loss. 
The reactor tube (2) may be of any shape only if it can be 

hold by the reactor shell (1) in such a manner that it can 
separate the inner space of the reactor shell (1) into an inner 
Zone (4) and an outer Zone (5). The reactor tube (2) may have 
the form of a simple straight tube as in FIG. 6, a shaped tube 
as in FIG. 7, a cone or an ellipsoid, and either one end or both 
ends of the reactor tube (2) may beformed into a flange shape. 
Further, the reactor tube (2) may comprise a plurality of 
components and some of these components may be installed 
in the form of a liner along the inner wall of the reactor shell 
(1). 
The reactor tube (2) is preferably made of an inorganic 

material, which is stable at a relatively high temperature, Such 
as quartz, silica, silicon nitride, boron nitride, silicon carbide, 
graphite, silicon, glassy carbon and composite material 
thereof. Here a carbon-containing material such as silicon 
carbide, graphite, glassy carbon, etc., may generate carbon 
impurity and contaminate the polycrystalline silicon par 
ticles. Thus, if the reactor tube (2) is made of a carbon 
containing material, the inner wall of the reactor tube (2) is 
preferred to be coated or lined with materials such as silicon, 
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silica, quartz or silicon nitride. Then, the reactor tube (2) may 
be structured in a multi-layered form. Therefore, the reactor 
tube (2) is of one-layered or multilayered structure in the 
thickness direction, each layer of which is made of a different 
material. 
The selection of a sealing means (41a, 41b) may be impor 

tant for the reactor tube (2) to be safely hold by the reactor 
shell (1). The sealing means are preferred to endure the high 
temperature of about 200° C. or above and may be selected 
from organic polymers, graphites, silicas, ceramics, metals or 
composite materials thereof. However, considering the vibra 
tion and thermal expansion during reactor operation, the seal 
ing means (41a, 41b) may be installed not too firmly so that 
the possibility of cracking of the reactor tube (2) can be 
lowered during assembly, operation and disassembly. 
The partition of the inner space of the reactor shell (1) by 

the reactor tube (2) may prevent the silicon particles (3) in the 
inner Zone (4) from leaking into the outer Zone (5) and dif 
ferentiate the function and condition between the inner Zone 
(4) and the outer Zone (5). 

During the silicon particle preparation step, the silicon 
particles (3) present in the inner Zone (4) should be heated to 
a temperature required for silicon deposition by the heating 
means (8a, 8b) equipped at the inner Zone (4) and/or the outer 
Zone (5). One or a plurality of heating means (8a, 8b) may be 
installed in the inner Zone (4) and/or the outer Zone (5) in 
various manners. For example, a heating means may be 
installed only in the inner Zone (4) or in the outer Zone (5) as 
illustrated in FIG. 6 in a comprehensive manner. Meanwhile, 
a plurality of heating means may be installed in both Zones, or 
only in the outer Zone 5 as illustrated in FIG. 7. Besides, 
although not illustrated in Drawings, a plurality of heating 
means (8a, 8b) may be installed only in the inner Zone (4). 
Otherwise, a single or a plurality of heating means may be 
installed in the outer Zone 5 only. 

Electrical energy is Supplied to the heating means (8a, 8b) 
by an electric energy Supplying means (9a-9f) installed as 
coupled with the reactor shell (1). The electric energy Sup 
plying means (9), which connects the heating means (8a, 8b) 
in the reactor with an electric source (E) located outside the 
reactor, may comprise various types of electrically conduct 
ing materials as followings: (i) a well conducting metallic 
material in the form of a cable, a bar, a rod, a shaped body, a 
Socket, a coupler, etc.; a graphite, a ceramic (e.g., silicon 
carbide), a metal or a mixture thereof in the form of various 
electrodes that connect the power lines from the electric 
source (E) with the heating means. Alternatively, the electric 
energy Supplying means can be prepared by extending a part 
of the heating means (8a, 8b). In combining the electric 
energy supplying means (9a-9f) with the reactor shell (1), 
electrical insulation is also important besides the mechanical 
sealing for preventing gas leak. Further, it is desirable to cool 
down the electric energy Supplying means (9) by using a 
circulating cooling medium Such as water, oil, or gas, etc., in 
order to prevent overheating caused by heat transfer from the 
heating means (9) or spontaneous generation and accumula 
tion of heat. 

During the silicon particle preparation step of the present 
invention, the fluidized bed of the silicon particles (3), which 
are moved by gas flow, is formed inside the reactor tube (2), 
at least in the reaction Zone (Z), and silicon deposition occurs 
on the Surface of the fluidizing silicon particles resulting in 
preparation of silicon particles, i.e., granular silicon product. 
For this purpose, it is required that a fluidizing gas Supplying 
means (14, 14") which supplies the fluidizing gas (10) to the 
bed of silicon particles and a reaction gas Supplying means 
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(15r) which Supplies the silicon-containing reaction gas (11r) 
are installed as coupled with the reactor shell (1b). 
An etching gas Supplying means (15e) may be installed at 

the fluidized bed reactor, as illustrated in FIG. 4 and FIG. 5. 
Alternatively, the reaction gas Supplying means (15r) may be 
used to Supply the etching gas (11e) during the silicon deposit 
removal step, as illustrated in FIG. 2 and FIG. 3. 
The reaction gas Supplying means (15r) may have a simple 

structure, as illustrated in FIGS. 2-7. But, because the reac 
tion gas (11r) is sensitive to high temperature, various and 
complicated structures may be adopted see U.S. Pat. No. 
5,810,934 (1998): U.S. Pat. No. 6,541,377 (2003). 
When the reaction gas Supplying means (15r) is used to 

Supply the etching gas (11e) during the silicon deposit 
removal step, the reaction gas (11r) and the etching gas (11e) 
may be rendered to pass the same paths or nozzles, as illus 
trated in FIG. 2, FIG. 3, FIG. 6 and FIG. 7. Alternatively, the 
reaction gas Supplying means (15r) may have a plurality of 
gas paths or nozzles, so that the reaction gas (11r) and the 
etching gas (11e) can pass through different paths or nozzles. 

Each of the fluidizing gas Supplying means (14,14) and the 
reaction gas Supplying means (15r) may be composed of such 
components as a tube or nozzle, a chamber, a flange, a fitting, 
a gasket, etc. Especially, the components which may contact 
the silicon particles (3) inside the reactor shell (1), particu 
larly at the lower part of the inner Zone (4), are preferably 
composed of a tube, a liner or a shaped body made of the 
inorganic material used to make the reactor tube (2). 

Further, at the lower part (4a) of the fluidized bed of silicon 
particles inside the reactor inner Zone (4), a gas distributing 
means (19), which distributes the fluidizing gas (10), is pref 
erably equipped along with the fluidizing gas Supplying 
means (14. 14') and the reaction gas Supplying means (15r). 
The gas distributing means (19) may be in the form of a 
multi-hole or porous distribution plate, a packing material 
(22), a nozzle, a gas distributor shaped body or a combination 
thereof, without being limited to a specific form. The com 
ponents of the gas distributing means (19) which may contact 
the silicon particles (3), e.g., its upper Surface, are preferably 
made of an inorganic material used to make the reactor tube 
(2). 
The reaction gas outlet of the reaction gas Supplying means 

(15r), which introduces or injects the reaction gas (11r) into 
the fluidized bed, is preferably positioned higher than the 
upper Surface of the gas distributing means (19), in order to 
prevent silicon deposition on the upper Surface of the gas 
distributing means (19). 

During the silicon particle preparation step, the fluidizing 
gas (10), required to form the fluidized bed of the silicon 
particles (3) at least in the reaction Zone (Z), may be supplied 
in a variety of ways, depending on the construction of the 
fluidizing gas Supplying means (14, 14"). For example, the 
fluidizing gas (10) may be supplied by a fluidizing gas Sup 
plying means (14. 14) comprising a gas chamber (14") is 
formed below a plate-type gas distributing means (19) and is 
coupled with the reactor shell (1), as illustrated in FIGS. 4, 5 
and 6. Alternatively, as illustrated in FIG. 4 and FIG. 5, the 
fixedbed of the packing materials (22), which is not moved by 
the fluidizing gas (10), may be utilized as a part of the gas 
distributing means. As another example, as illustrated in FIG. 
7, a fluidizing gas (10) may be Supplied by a fluidizing gas 
Supplying means (14) coupled with the reactor shell (1) so 
that one or a plurality of fluidizing gas nozzle outlet may be 
positioned in between the gas distributing means (19) that 
comprises a fixed bed of packing materials that will not be 
contained in the fluidizing granular silicon product (3b). 
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Meanwhile, the gas distributing means (19) may comprise at 
least two components selected from a distribution plate, a 
noZZle, packing materials (22) and a gas distributor shaped 
body. For example, in addition to the fluidizing gas Supplying 
distribution plate and/or nozzle, the gas distributing means 
(19) may comprise the fixed bed of the packing materials (22) 
other than the silicon particles (3) to be contained in the 
silicon product particles (3.b). 
The packing materials (22) have such a large size or Suffi 

cient unit mass as not to be moved by the flow of the fluidizing 
gas (10). They may have the shape of a sphere, an oval, a 
pellet, a nugget, a tube, a rod or a ring. Preferably, the packing 
material (22) is a high purity silicon material, having an 
average diameter in the range of from 5 to 50 mm and an 
average unit weight of at least about 5-10 times that of an 
average-sized silicon particle (3), or an inorganic material 
that can be used for or layered on the reactor tube (2). 

In case the fixed bed of the packing material (22) which is 
not mobile by the flow of the fluidizing gas (10) constitutes 
the gas distributing means (19), the fixed bed is preferably 
formed at a height lower than the reaction gas outlet of the 
reaction gas Supplying means (15r), that is, at the lower part 
of the heating Zone (Z). Once the fixed bed is formed in the 
heating Zone (Z), movement of the silicon particles and flow 
of the fluidizing gas may occur through the space between the 
packing materials (22). But, there is an advantage that the heat 
transferred from the bed of the silicon particles (3) heated by 
the heating means (8a, 8b) downward to the lower part of the 
reactor may be utilized for pre-heating the fluidizing gas (10). 

During the silicon particle preparation step, the fluidizing 
silicon particles (3) heated directly or indirectly by the heat 
ing means (8a, 8b) can contact and be exposed to the reaction 
gas (11r) Supplied by the reaction gas Supplying means (15r) 
while residing temporarily or over a substantial period of time 
or with a regular or irregular fluctuating frequency in the 
reaction Zone (Z). This results in silicon deposition on the 
Surface of the fluidizing silicon particles and production of 
granular polycrystalline silicon. At the same time, silicon 
deposition occurs on the inner wall of the reactor tube (2), 
which encompasses the reaction Zone (Z) and contacts the 
hot silicon particles (3) and reaction gas (11r), and is accu 
mulated thereon to form a silicon deposit (D), which 
increases in thickness and Volume as time passes. 

Not only during the silicon particle preparation step, but 
also during the silicon particle partial discharging step, sili 
con deposit removal step and/or silicon particle replenishing 
step, the gas distributing means (19) and the fluidizing gas 
Supplying means (14) enable Supply of the fluidizing gas (10) 
to the inner Zone (4), particularly to the heating Zone (Z). 
However, unlike the silicon particle preparation step, it is not 
necessary to Supply the fluidizing gas (10) in large quantity 
during the other steps, because the silicon particles need not 
always be maintained fluidized in the inner Zone (4). 

For continuous production of silicon particles, it is prefer 
able to discharge or withdraw a part of the silicon particles 
prepared during the silicon particle preparation step from the 
inner Zone (4) of the fluidized bed reactor and replenish 
silicon seed crystals (3.a) to the inner Zone (4) in order to 
maintain the number and average particle diameter of the 
silicon particles (3) as constant as possible in the inner Zone 
(4). 

Therefore, a particle discharging means (16) for discharg 
ing the polycrystalline silicon particles needs to be installed 
as coupled with the reactor shell (1). The discharge pipe of the 
particle discharging means (16) may be assembled along with 
the reaction gas Supplying means (15r) as in FIG. 6 or may be 
installed independently of the reaction gas Supplying means 
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(15r) as in FIG. 4, 5 or 7, so that the silicon particles (3.b) can 
be discharged from the inner Zone (4) at the right time, con 
tinuously, periodically or intermittently. Alternatively, an 
independent space may be coupled with the reactor shell (1), 
so that the silicon particles (3.b) can be cooled before being 
discharged out of the reactor, while remaining at a part or at 
the bottom of the space of the fluidizing gas Supplying means 
(14") as shown in FIG. 6. A part of the silicon particles dis 
charged from the inner Zone (4) during the silicon particle 
preparation step, or the silicon product particles (3b), may be 
transferred to a polycrystalline silicon product storage means 
or handling means directly connected with the reactor. 
Of the silicon product particles (3.b) produced during the 

silicon particle preparation step, the Small sized ones can be 
readily utilized as seed crystals (3a). Accordingly, it is also 
possible to transfer the silicon product particles (3.b) dis 
charged from the inner Zone (4) to a classifying means that 
can classify the particles depending on size, in order to trans 
fer large particles to the polycrystalline silicon product stor 
age means or handling means and use Small particles as seed 
crystals (3.a). 

Further, the silicon particles (3.b) are preferably cooled 
while being discharged by the particle discharging means 
(16) because the reactor inner Zone (4) or the fluidized bed 
(4a) of silicon particles is hot. For this purpose, hydrogen, 
nitrogen, argon, helium or other gas may be flown through the 
particle discharging means (16) or a cooling medium such as 
water, oil, gas, etc., may be circulated along the wall of the 
particle discharging means (16). Besides, although not shown 
in drawings, the particle discharging means (16) may be 
equipped as coupled with the inside of the reactor shell (1) 
(e.g., 14 of FIG. 6) or the bottom of the reactor shell (e.g., 1b 
of FIG. 6 or FIG. 7) in order to provide a sufficient space, so 
that the silicon particles (3.b) are discharged out of the fluid 
ized bed reactor after being sufficiently cooled while remain 
ing in the fluidized bed (4a). 

It is required to prevent the silicon product particles (3.b) 
from being contaminated by impurities while they are dis 
charged out of the reactor by the particle discharging means 
(16). Thus, it is preferable to construct the components of the 
particle discharging means (16), which can be exposed to or 
contact the hot silicon product particles (3b), in the form of a 
tube, a liner or a shaped body made of the inorganic material 
that may be used for the reactor tube (2). 

Such components of the particle discharging means (16) 
need to be fixed as coupled with the reactor shell (1) and/or a 
protection tube made of a metallic material. Instead of the 
inorganic material, the components of the particle discharg 
ing means (16), which contact Substantially cooled silicon 
particles or the wall of which can be cooled by a cooling 
medium, may consists of a tube, a liner or a shaped body made 
of a metallic material coated or lined with a fluorine-contain 
ing polymer material on the inner wall. 
As described above, the silicon product particles (3.b) may 

be discharged continuously, periodically or intermittently 
from the reactor inner Zone (4) to the polycrystalline silicon 
product storage means or handling means by the particle 
discharging means (16). 

It is also possible to equip the classifying means between 
the reactor and the product storage means to classify the 
silicon product particles (3.b) depending on size and utilize 
Small particles as seed crystals (3.a). 
A variety of industrially available particle separation 

devices may be used or modified for the classifying means. 
But, in order to prevent contamination during the separation 
of the particles, the components of the classifying means that 
contact the silicon product particles (3.b) is preferably made 
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of a material used in the particle discharging means (16) or a 
pure polymeric material with no additive or filler added. 
As well as in the silicon particle preparation step, the 

particle discharging means (16) may be also utilized in the 
silicon particle partial discharging step as a means of dis 
charging a part of the silicon particles (3) from the inner Zone 
(4), so that the height of the bed of the remaining silicon 
particles (3) cannot exceed that of the outlet of the reaction 
gas Supplying means (15r). Alternatively, without requiring 
the Supply of the reaction gas (11r), the partial discharging 
step can also be performed by discharging a part of the silicon 
particles (3) from the inner Zone (4) through the reaction gas 
Supplying means (15r) on behalf of the particle discharging 
means (16). In this case, although not shown in drawings, a 
container for temporarily storing the silicon particles (3) may 
be equipped at the bottom of the reaction gas Supplying means 
(15r), so that the silicon particles remaining in the reaction 
Zone (Z) can fall into the container with an appropriate 
amount of an inert gas, instead of the reaction gas (11r), being 
supplied into the inner Zone (4). Meanwhile, part of the sili 
con particles (3) remaining in the inner Zone (4) may be 
discharged to the container through the reaction gas Supply 
ing means (15r) by Supplying the fluidizing gas (10) to the 
heating Zone (Z), so that the height of the bed of the silicon 
particles can be lowered down to a predetermined value. 

For the continuous operation of the fluidized bed reactor 
during the silicon particle preparation step, it is required to 
couple the gas discharging means (17) with the reactor shell 
(1d) for discharging an off-gas (13), including the fluidizing 
gas being passed through the fluidized bed (4a), a non-reacted 
reaction gas and a byproduct gas, out of the fluidized bed 
reactor via the top of the inner Zone (4c). 

Fine silicon powders or high-molecular-weight reaction 
byproducts entrained by the off-gas (13) are separated by a 
off-gas treating means (34). The off-gas treating means (34), 
selected among a cyclone, a filter, a packing tower, a scrubber, 
a centrifuge, etc., may be equipped either outside of the 
reactor shell (1) or at the upper space (4c) of the inner Zone 
within the reactor shell (1), as illustrated in FIG. 6 or FIG. 7. 
The silicon particles separated by the off-gas treating means 
(34) may be recycled to the fluidized bed (4a) in the inner 
Zone of the reactor for use as seed crystals (3.a) or may be 
utilized for other purposes. 

The gas discharging means (17) enables discharging of the 
fluidizing gas (10), the inert gas Supplied to the inner Zone (4) 
and/or the gas components remaining in the inner Zone (4) not 
only during the silicon particle preparation step, but also 
during the silicon particle partial discharging step, the silicon 
deposit removal step and the silicon particle replenishing 
step. Particularly, during the silicon deposit removal step, a 
mixture of a non-reacted etching gas, etching reaction (R) 
byproducts, and/or the fluidizing gas (10), etc., may be dis 
charged by the gas discharging means (17). 

For continuous preparation of silicon particles, it is pref 
erable to maintain the number of silicon particles comprising 
the fluidized bed (4a) and the average particle size thereof 
within a certain range. Thus, it is preferred to replenish seed 
crystals (3.a) into the fluidized bed (4a) roughly correspond 
ing to the number of the silicon particles (3.b) discharged as 
product. As described above, although the silicon particles or 
powders of an appropriate size separated by the off-gas treat 
ing means (34) can be used as seed crystal, the amount is 
restricted. Thus, a further preparation or manufacture of sili 
con seed crystals is inevitable for continuous production of 
silicon particles. In this regard, a way of separating Small 
silicon particles from the product particles (3.b) and utilizing 
them as seed crystals (3.a) can be considered. However, the 
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process of separating the seed crystals (3.a) from the product 
particles (3.b) outside the fluidized bed reactor is complicated 
and Vulnerable to contamination by impurities. 

Instead of separating product particles (3b), a classifying 
means may be equipped at the particle discharge path of the 
particle discharging means (16), so that Small silicon particles 
can be recycled back into the fluidized bed (4a) by the gas 
flowing upward for cooling down the product particles (3.b) 
during their discharge, thereby reducing the requirement of 
seed crystal Supply, increasing the average particle size of the 
product particles (3.b) and reducing particle size distribution 
in the product particles. 

In general, silicon seed crystals are prepared by pulverizing 
some of the silicon product particles (3.b) discharged by the 
particle discharging means (16) with a pulverizing apparatus. 
The seed crystals (3.a) may be Supplied continuously, periodi 
cally or intermittently at the right time into the reactor inner 
Zone (4) through a seed crystal Supplying means (18) installed 
as coupled with the reactor shell (1d), as illustrated in FIG. 6. 
This method is advantageous in that the size and feeding rate 
of the seed crystals (3.a) can be adjusted as required. However, 
it is disadvantageous in that an independent pulverizing appa 
ratus is required. Alternatively, the silicon particles may be 
pulverized into seed crystals inside the fluidized bed (4a) by 
using the reaction gas outlet nozzle of the reaction gas Sup 
plying means (15r) or an additionally installed gas nozzle for 
a high-speed gas jet inside the fluidized bed allowing particle 
pulverization. This method is economical because no addi 
tional pulverizing apparatus is required. However, it is disad 
vantageous in that it is difficult to control the size and rate of 
generation of the seed crystals. 
The silicon particles discharged during the silicon particle 

partial discharging step may be contained in product particles 
(3.b) or put aside and supplied to the inner Zone (4) through the 
seed crystal Supplying means (18) during the silicon particle 
replenishing step. Otherwise, instead of the silicon particles 
discharged during the silicon particle partial discharging step, 
the independently prepared silicon seed crystals (3.a) may be 
Supplied to the inner Zone (4) through the seed crystal Sup 
plying means (18) during the silicon particle replenishing 
step. 

During the silicon particle preparation step as described 
above, the inner Zone (4) comprises all spaces required for 
forming the bed of silicon particles (3) wherein the fluidizing 
gas (10) and the reaction gas (11r) are Supplied and silicon 
deposition occurs, and required for flowing and discharging 
of the off-gas (13) including the fluidizing gas, a non-reacted 
reaction gas and a byproduct gas. Therefore, the inner Zone 
(4) plays an important role in producing polycrystalline sili 
con particles by silicon deposition in the fluidized bed of 
silicon particles (3). 

In contrast, the outer Zone (5) is an independently formed 
space in between the outer wall of the reactor tube (2) and the 
reactor shell (1), in which the bed of silicon particles (3) is not 
present and silicon deposition does not occur. Thus, the outer 
Zone (5) as mentioned in this description is the space of the 
inner space of the reactor shell (1) excluding the inner Zone 
(4) or is formed in between the reactor tube (2) and the reactor 
shell (1). 
An inert gas is Supplied to the outer Zone (5) to maintain the 

outer Zone under an inert gas atmosphere. The reason of 
maintaining the outer Zone (5) under an inert gas atmosphere 
and several important roles of the outer Zone (5) are as fol 
lows. First, the outer Zone (5) provides a space for protecting 
the reactor tube (2), which is accomplished by maintaining a 
pressure difference between the inner Zone (4) and the outer 
Zone (5) within a certain range. Second, the outer Zone (5) 
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provides a space for installing an insulation material (6) for 
preventing or reducing heat loss from the reactor. Third, the 
outer Zone (5) provides a space for installing a heating means, 
if required, around the reactor tube (2) for heating the reactor. 
Fourth, the outer Zone (5) provides a space for maintaining a 
Substantially inert gas atmosphere outside the reactor tube (2) 
to prevent dangerous gas containing oxygen and impurities 
from being introduced into the inner Zone (4), and for safely 
installing and maintaining the reactor tube (2) inside the 
reactor shell (1). Fifth, the outer Zone (5) allows a real-time 
monitoring of the status of the reactor tube (2) during opera 
tion. The analysis or measurement of the outer-Zone gas 
sample from the outer Zone connection means (28, 28a, 28b) 
may reveal the presence or concentration of a gas component 
that may exist in the inner Zone (4), the change of which may 
indirectly reveal an accident at the reactor tube. Sixth, as 
illustrated in FIG. 7, the outer Zone (5) may provide a space 
for installing a heating means for heating the silicon deposit 
(D) accumulated on the inner wall of the reactor tube (2) so 
that the deposit can be removed rapidly by introducing an 
etching gas (11e) into the reaction Zone (Z). Lastly, the outer 
Zone (5) facilitates assembly and disassembly of the reactor 
tube (2) and the inner Zone (4). 

Since the outer Zone (5) plays various important roles, the 
space of the outer Zone may be partitioned into several sec 
tions in an up-and-down and/or a radial or circumferential 
direction, utilizing one or more of tubes, plates, shaped bodies 
or fittings as partitioning means. When the outer Zone (5) is 
further partitioned according to the present invention, the 
divided sections are preferred to spatially communicate with 
each other while having Substantially the same atmospheric 
condition and pressure. 
An insulation material (6), which may be installed in the 

outer Zone (5) for greatly reducing heat transfer via radiation 
or conduction, may be selected from industrially acceptable 
inorganic materials in the form of a cylinder, a block, fabric, 
a blanket, a felt, a foamed product, or a packing filler material. 
The heating means (8), which is connected to an electric 

energy Supplying means (9) coupled with the reactor shell (1) 
for maintaining the reaction temperature in the fluidized bed 
reactor, may be installed either in the outer Zone (5) or in the 
inner Zone (4). Particularly, the heating means may be 
installed inside the bed of the silicon particles (3). If neces 
sary, the heating means (8a, 8b) may be installed both in the 
inner Zone (4) and the outer Zone (5), as illustrated in FIG. 6. 
Alternatively, the heating means (8b) may be installed in the 
outer Zone (5) only, as illustrated in FIG. 7. The whole or part 
of the heating means (8a, 8b) may be also utilized to heat the 
silicon deposit (D) directly or indirectly during the silicon 
deposit removal step. 
When a plurality of heating means (8a, 8b) is installed in 

the fluidized bed reactor, they may be electrically connected 
to an electric Source (E) in series and/or in parallel. Or, as 
illustrated in FIG. 6 or FIG. 7, the power supplying systems 
respectively comprising the electric source (E) and the elec 
tric energy supplying means (9a, 9b, 9c. 9d, 9e, 9f) may be 
constructed independently. 
As illustrated in FIG. 6, if the heating means (8a) is 

installed inside the bed of silicon particles (3), the silicon 
particles can be directly heated in the inner Zone (4). In this 
case, it is preferred that the heating means (8a) be positioned 
lower than the reaction gas outlet of the reaction gas Supply 
ing means (15r) in order to prevent silicon deposition on the 
Surface of the heating means (8a) and its accumulation 
thereon. 

Further, as schematically illustrated in FIG. 6 and FIG. 7, it 
is also preferred to Supply an inert gas (12) comprising at least 
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one substance selected from nitrogen, argon and helium to the 
outer Zone (5) to maintain the outer Zone (5) under an inert gas 
atmosphere. Preferably, this manipulation is performed in all 
steps of the silicon deposition cycles in accordance with the 
present invention. For this purpose, it is required to installan 
inert gas connection means (26a, 26b) at the reactor shell (1), 
as illustrated in FIG. 6 and FIG. 7, to maintain the outer Zone 
(5) under an inert gas atmosphere, without regard to the 
silicon deposition reaction (Rd) or etching reaction (R) 
occurring in the inner Zone (4). The inert gas connection 
means (26a, 26b), which is installed at, on or through the 
reactor shell (1) and is spatially connected with the outer Zone 
(5), has the function of piping connection for Supply or dis 
charge of the inert gas (12). It may be in the form of a tube, a 
nozzle, a flange, a valve, a fitting, etc., or a combination 
thereof. 

Independently of the inert gas connection means (26a. 
26b), an outer Zone connection means (28, 28a, 28b) may also 
be installed at the part of the reactor shell (1) spatially 
exposed directly or indirectly to the outer Zone (5), being used 
for measurement and/or control of flow rate, temperature, 
pressure and/or gas composition. 
The outer Zone (5) can be maintained under an inert gas 

atmosphere with a single inert gas connection means. How 
ever, two or more inert gas connection means (26a, 26b) may 
be used to perform the Supply and discharge of the inert gas 
independently. In addition to maintaining the outer Zone (5) 
under an inert gas atmosphere, the inert gas connection means 
(26a, 26b) may be utilized for measurement and/or control of 
flow rate, temperature, pressure, and/or gas composition, 
which may also be performed using the outer Zone connection 
means (28, 28a, 28b). 
As illustrated in FIG. 6 and FIG.7 in a comprehensive way, 

it is possible to measure or control the pressure (P) at the 
outer Zone (5) using the inert gas connection means (26a. 
26b) or the outer Zone connection means (28, 28a, 28b). The 
outer Zone connection means (28, 28a, 28b), which may be 
installed independently of the inert gas connection means 
(26a, 26b), is installed for measurement and/or control the 
maintenance of the outer Zone (5). The outer Zone connection 
means (28, 28a, 28b) may also be in the form of a tube, a 
nozzle, a flange, a valve, a fitting, etc. or a combination 
thereof. In the absence of the inert gas connection means 
(26a, 26b), the outer Zone connection means (28, 28a, 28b) 
may be utilized for the Supply or discharge of the inert gas 
(12), in addition to the measurement and/or control of tem 
perature, pressure and/or gas composition. Therefore, it is not 
necessary to differentiate the inert gas connection means 
(26a, 26b) from the outer Zone connection means (28, 28a, 
28b) in respect of shape and function. 

In contrast with the outer Zone (5), where the pressure can 
be maintained almost constant irrespective of location and 
time, the inner Zone (4) has a different pressure at a different 
height of the fluidized bed of the silicon particles (3). Thus, 
the pressure (P) of the inner Zone (4) is different depending 
on the location. Although the pressure drop imposed by the 
fluidized bed of solid particles depends on the height of the 
fluidized bed, it is common to maintain the pressure drop by 
fluidized bed less than about 0.5-1 bar unless the height of the 
fluidized bed is extremely high. Further, irregular fluctuation 
of the pressure is inevitable with time due to the nature of the 
fluidization of solid particles. Thus, pressure may vary in the 
inner Zone (4) depending on location and time. 

Considering these natures, the pressure controlling means 
for the inner pressure, i.e., the inner pressure controlling 
means for directly or indirectly measuring and/or controlling 
pressure (Pi) in the inner Zone (4) may be installed at such a 
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point among various locations that it may be spatially con 
nected to the inner Zone (4). Pressure controlling means 
according to the present invention, i.e., the inner pressure 
controlling means and the outer pressure controlling means 
may be installed on or through various positions depending 
on the details of the reactor assembly as well as on the opera 
tional parameters to be controlled. The inner pressure con 
trolling means may be spatially connected to the inner Zone 
(4) through the inner Zone connection means (24, 25) or the 
fluidizing gas Supplying means (14) or the reaction gas Sup 
plying means (15r) or the particle discharging means (16) or 
the gas discharging means (17), etc., which are spatially 
exposed directly or indirectly to the inner Zone (4). Mean 
while, the pressure controlling means for the outer pressure, 
i.e., the outer pressure controlling means may be spatially 
connected to the outer Zone (5) through the outer Zone con 
nection means (28, 28a, 28b) or the inert gas connection 
means (26a, 26b), etc., which are installed on or through the 
reactor shell (1) and spatially exposed to the outer Zone (5) 
directly or indirectly. 
The inner pressure controlling means and/or the outer pres 

Sure controlling means may be in the form of at lest one 
selected from (i) a connection pipe or fitting for spatial con 
nection; (ii) a manual, semi-automatic or automatic valve; 
(iii) a digital- or analog-type pressure gauge or differential 
pressure gauge; (iv) a pressure indicator or recorder, (v) an 
element constituting a controller with a signal converter oran 
arithmetic processor. 
The inner pressure controlling means and/or the outer pres 

Sure controlling means may be connected with each other in 
the form of a mechanical assembly or a signal circuit. Further, 
either of the pressure controlling means may be partially or 
completely integrated with a control system selected from the 
group consisting of a central control system, a distributed 
control system and a local control system. 

Although the inner pressure controlling means and outer 
pressure controlling means may be independently constituted 
in terms of pressure, either of the pressure controlling means 
may be partially or completely integrated with a means for 
measuring or controlling a parameter selected from the group 
consisting offlow rate, temperature, gas composition, particle 
concentration, etc. Meanwhile, either of the controlling 
means may further comprise a separation device such as a 
filter or a scrubber for separating particles, or a container for 
pressure damping. This protects the component of the pres 
Sure controlling means from contamination by impurities, 
and also provides a means to damp pressure changes. 
As an example, the inner pressure controlling means may 

be installed at or connected to the inner Zone connecting 
means (24, 25) that is installed on or through the reactor shell 
(1) spatially exposed directly or indirectly to an inner Zone (4) 
for measurement of pressure, temperature or gas component 
or for viewing inside the reactor. By constructing the inner 
pressure controlling means so that it may be connected to the 
inner Zone connecting means (24, 25), pressure in the upper 
part of the inner Zone (4c) may be stably measured and/or 
controlled although it is difficult to detect the time-dependent 
pressure fluctuation due to the fluidized bed of silicon par 
ticles. For more accurate detection of the time-dependent 
pressure fluctuation related with the fluidized bed, the inner 
Zone connecting means may be installed so that it may be 
spatially connected to the inside of the fluidized bed. The 
inner pressure controlling means may also be installed at or 
connected to other appropriate positions, i.e., a fluidizing gas 
Supplying means (14) or a reaction gas Supplying means (15r) 
or a particle discharging means (16) or a gas discharging 
means (17), etc., all of which are coupled with the reactor 
shell (1) thus being spatially connected to the inner Zone (4). 
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Further, a plurality of inner pressure controlling means may 
be installed at two or more appropriate positions that can be 
spatially connected with the inner Zone connecting means 
(24, 25) and/or the inner Zone (4). 
As mentioned above, the presence of silicon particles 

affects the inner pressure, Pi. Thus, the measured value of Pi 
varies according to the position where the inner pressure 
controlling means (30) is installed. According to the experi 
mental observations by the present inventors, the value of Pi 
is influenced by the characteristics of the fluidized bed and by 
the structure of a fluidizing gas inlet means (14) or a reaction 
gas Supplying means (15r) or a particle discharging means 
(16) or a gas discharging means (17), but its positional devia 
tion according to pressure measurement point is not greater 
than 1 bar. Accordingly, the pressure difference between the 
pressure (Po) at the outer Zone (5) and the pressure (Pi) at the 
inner Zone (4) needs to be maintained within 1 bar, i.e., the 
condition of 0 bars Po-Pils 1 bar needs to be satisfied, fol 
lowing the steps of measuring and/or controlling the pressure 
at the inner Zone (4) directly or indirectly with the inner 
pressure controlling means; measuring and/or controlling the 
pressure at the outer Zone (5) directly or indirectly with the 
outer pressure controlling means; and controlling the pres 
sure difference between the outer Zone (5) and the inner Zone 
(4) by a pressure-difference controlling means. 
As a preferred embodiment of the present invention, the 

outer pressure controlling means for measuring and/or con 
trolling the pressure at the outer Zone (5) directly or indirectly 
needs to be installed at an appropriate position selected so that 
it is spatially connected with the outer Zone (5). The position 
where the outer pressure controlling means may be connected 
or installed includes, for example, at the outer Zone connec 
tion means (28, 28a, 28b) or the inert gas connection means 
(26a, 26b), which are installed at the reactor shell (1) spatially 
exposed to the outer Zone (5) directly or indirectly. Since the 
outer Zone (5) needs to be maintained under an inert gas 
atmosphere, the inert gas inlet (26a) for Supplying the inert 
gas (12) to the outer Zone (5) and the inert gas outlet (26b) for 
discharging the inert gas (12) from the outer Zone (5) can be 
utilized as the inert gas connection means (26a, 26b) or the 
outer Zone connection means (28, 28a, 28b). The inert gas 
inlet (26a) and the inert gas outlet (26b) may be installed 
independent of the connection means (26, 28) or may be 
coupled with a single connection means in the form of a 
double pipe. Accordingly, it is also possible to install the outer 
pressure controlling means for measuring and/or controlling 
the pressure at the outer Zone (5) directly or indirectly, so that 
it is spatially connected to the outer Zone (5) through the inert 
gas connection means (26a, 26b) or the outer Zone connection 
means (28, 28a, 28b) comprising the inert gas inlet (26a) or 
the inert gas outlet (26b). 

Preferably, the difference of the pressure (P) at the outer 
Zone (5) and the pressure (P) at the inner Zone (4), i.e., the 
pressure difference between both sides of the reactor tube (2), 
|P-Pl, is maintained satisfying the condition of 0 bars|Po 
Pils 1 bar for continuous operation of the fluidized bed reac 
tor even under a high reaction pressure. During each silicon 
deposition cycle by the present invention which comprises (i) 
the silicon particle preparation step; (ii) the silicon particle 
partial discharging step; (iii) the silicon deposit removal step; 
and (iv) the silicon particle replenishing step, the pressure at 
the inner Zone (4) may vary in the range of from 1 to 20 bar. 
But, as long as the pressure difference between both sides of 
the reactor tube (2) is maintained less than 1 bar, mechanical 
problem imposed on the reactor tube (2) caused by the silicon 
deposit (D) can be reduced significantly. If the pressure dif 
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ference between both sides of the reactor tube (2) is main 
tained less than 1 bar, the silicon deposition reaction (Rd) 
and/or the etching reaction (R) can be carried out under a 
high reaction pressure. Consequently, the productivity of the 
fluidized bed reactor can be maximized through repeated 
silicon deposition cycles and the physical stability of the 
reactor tube (2) can be improved throughout the cycles 
because the physical load against the reactor tube (2) caused 
by the silicon deposit (D) accumulated during the silicon 
particle preparation step can be reduced. 
The inner pressure controlling means and/or the outer pres 

Sure controlling means are equipped at the fluidized bed reac 
tor for this reason. Preferably, the IP-P, value needs to be 
maintained as small as possible, considering that the P, value 
may differ according to the steps constituting each silicon 
deposition cycle and depending on the height of the inner 
Zone (4). 

INDUSTRIAL APPLICABILITY 

As apparent from the foregoing description, the method for 
preparation of polycrystalline silicon using a fluidized bed 
reactor in accordance with the present invention provides the 
following advantages. 

1) Since the silicon deposit formed during the silicon depo 
sition can be easily removed from the inner wall of the reactor 
tube periodically, with little influence on the preparation of 
granular polycrystalline silicon, especially without the need 
of disassembling the reactor, the productivity of the fluidized 
bed reactor can be improved significantly without deteriorat 
ing the mechanical stability of the reactor. 

2) The time required for the silicon deposit removal step 
can be significantly reduced compared with the time required 
for the silicon particle preparation step and the manipulation 
of the reactor required for repeating the silicon deposition 
cycles can be much simplified. 

3) Since the present invention is applicable to any type of 
fluidized bed reactor in which the bed of silicon particles is 
divided into the reaction Zone and the heating Zone with the 
height of the outlet of the reaction gas Supplying means as 
reference height, it is widely applicable to preparation of 
granular polycrystalline silicon. 

4) The present invention enables a large-scale production 
of granular polycrystalline silicon using a fluidized bed reac 
tOr. 

5) Since the pressure difference between inside and outside 
of the reactor tube can be maintained as Small as possible, the 
mechanical stability of the reactor tube can be maintained 
even at a high pressure, regardless of the accumulation of 
silicon deposit. Also, the damage of the reactor tube caused by 
the pressure difference between both sides of the reactor tube 
can be prevented fundamentally. 

6) Because the inert gas needs not to be supplied to the 
outer Zone of the reactor continuously in large quantity, the 
pressure difference between both sides of the reactor tube can 
be maintained within a certain range at a low cost. 

7) The reaction temperature required for the preparation of 
polycrystalline silicon can be attained with the silicon particle 
heating means. 

8) Minimizing impurity contamination during silicon par 
ticle preparation step, the present invention enables high 
purity polycrystalline silicon to be manufactured economi 
cally with good productivity and energy efficiency. 

Those skilled in the art will appreciate that the concepts and 
specific embodiments disclosed in the foregoing description 
may be readily utilized as a basis for modifying or designing 
other embodiments for carrying out the same purposes of the 
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26 
present invention. Those skilled in the art will also appreciate 
that such equivalent embodiments do not depart from the 
spirit and scope of the present invention as set forth in the 
appended claims. 

The invention claimed is: 
1. A method for preparation of polycrystalline silicon using 

a fluidized bed reactor for preparation of granular polycrys 
talline silicon, 

wherein a reaction gas outlet of a reaction gas Supplying 
means, that Supplies a silicon-containing reaction gas so 
that silicon deposition may occur while a bed of silicon 
particles formed inside a reactor tube remains fluidized, 
is located inside of the bed of silicon particles: 

wherein the reaction gas outlet extends into the reactor tube 
through its lower end and comprises an outlet end that 
establishes a reference height separating an upper and 
lower spaces in the reactor tube; and 

wherein the upper space comprises a reaction Zone that 
provides for silicon deposition by the reaction gas, and 
the lower space comprises a heating Zone that provides 
for heating the silicon particles: 

the method comprising: 
(i) a silicon particle preparation step, wherein the reaction 

gas is Supplied by the reaction gas Supplying means so 
that silicon deposition occurs on the Surface of the sili 
con particles in contact with the reaction gas, while 
silicon deposit is accumulated on an inner wall of the 
reactor tube encompassing the reaction Zone; 

(ii) a silicon particle partial discharging step, which fol 
lows the silicon particle preparation step, wherein, with 
out requiring the Supply of the reaction gas, a part of the 
silicon particles, which are comprised in the bed of 
silicon particles remaining inside the reactor tube after 
the silicon particle preparation step, is discharged out of 
the fluidized bed reactor by a particle discharging means 
so that the height of the bed of the silicon particles does 
not exceed the height of the reaction gas outlet; 

(iii) a silicon deposit removal step, which follows the sili 
con particle partial discharging step, wherein, without 
requiring the Supply of the reaction gas, the silicon 
deposit is removed by Supplying an etching gas into the 
reaction Zone, which reacts with the silicon deposit to 
form gaseous silicon compounds; and 

(iv) a silicon article replenishing step, wherein, after 
removing the silicon deposit and terminating the Supply 
of the etching gas, silicon particles are replenished into 
the reactor tube. 

2. The method for preparation of polycrystalline silicon 
using a fluidized bed reactor as set forth in claim 1, wherein 
the cycle comprising the steps (i), (ii), (iii) and (iv) is 
repeated. 

3. The method for preparation of polycrystalline silicon 
using a fluidized bed reactor as set forth in claim 1, wherein 
the fluidized bed reactor comprises a reactor shell which 
encompasses the reactor tube, and the inner space of the 
reactor tube is defined as an inner Zone where the bed of 
silicon particles is present and the heating Zone and the reac 
tion Zone are included, while the space between the reactor 
tube and the reactor shell is defined as an outer Zone where the 
bed of silicon particles is not present and silicon deposition 
does not occur. 

4. The method for preparation of polycrystalline silicon 
using a fluidized bed reactor as set forth in claim3, wherein (i) 
the silicon particle preparation step comprises the Sub-steps 
of: 
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Supplying a fluidizing gas to the bed of silicon particles in 
the heating Zone using a fluidizing gas Supplying means 
so that the bed of silicon particles formed in the reaction 
Zone becomes fluidized; 

heating the silicon particles with a heating means equipped 
at the inner Zone and/or the outer Zone of the reactor 
tube: 

discharging a part of the silicon particles prepared in the 
inner Zone out of the fluidized bed reactor using the 
particle discharging means; and 

discharging an off-gas out of the fluidized bed reactor using 
a gas discharging means, wherein the off-gas comprises 
the fluidizing gas, which passes through the bed of sili 
con particles, a non-reacted reaction gas and a byprod 
uct. 

5. The method for preparation of polycrystalline silicon 
using a fluidized bed reactor as set forth in claim3, wherein an 
inert gas comprising at least one selected from nitrogen, 
argon and helium is supplied to the outer Zone in order to 
maintain the outer Zone under an inert gas atmosphere. 

6. The method for preparation of polycrystalline silicon 
using a fluidized bed reactor as set forth in claim 3, wherein 
the difference of the pressure at the outer Zone (Po) and the 
pressure at the inner Zone (Pi) is maintained satisfying the 
condition of 0 bars Po-Pils 1 bar. 

7. The method for preparation of polycrystalline silicon 
using a fluidized bed reactor as set forth in claim 1, wherein 
the etching gas comprises at least one chlorine-containing 
substance selected from silicon tetrachloride (SiCl4), hydro 
gen chloride (HCl) and chlorine (C12). 

8. The method for preparation of polycrystalline silicon 
using a fluidized bed reactor as set forth in claim 7, wherein 
the etching gas further comprises at least one Substance 
selected from hydrogen, nitrogen, argon and helium. 

9. The method for preparation of polycrystalline silicon 
using a fluidized bed reactor as set forth in claim 1, wherein, 
in (i) the silicon particle preparation step and/or (iii) the 
silicon deposit removal step, the absolute pressure at the 
reaction Zone is maintained at in the range of 1-20 bar. 

10. The method for preparation of polycrystalline silicon 
using a fluidized bed reactor as set forth in claim 1, wherein 
(iii) the silicon deposit removal step comprises the Sub-step of 
removing the silicon deposit formed at the reaction gas outlet 
of the reaction gas Supplying means using the etching gas. 

11. The method for preparation of polycrystalline silicon 
using a fluidized bed reactor as set forth in claim 1, wherein 
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(iii) the silicon deposit removal step is carried out by Supply 
ing the etching gas using the reaction gas Supplying means 
and/or an etching gas Supplying means the outlet of which is 
exposed to the reaction Zone. 

12. The method for preparation of polycrystalline silicon 
using a fluidized bed reactor as set forth in claim 11, wherein, 
in (iii) the silicon deposit removal step, a fluidizing gas is 
Supplied to the bed of silicon particles remained in the heating 
Zone using a fluidizing gas Supplying means so that the bed of 
the silicon particles is maintained as a fixed bed in which the 
silicon particles become immobile or as a fluidized bed in 
which a part of the silicon particles remains fluidized. 

13. The method for preparation of polycrystalline silicon 
using a fluidized bed reactor as set forth in claim 4, wherein 
the fluidizing gas comprises at least one Substance selected 
from hydrogen, nitrogen, argon, helium, silicon tetrachloride, 
trichlorosilane, dichlorosilane and hydrogen chloride. 

14. The method for preparation of polycrystalline silicon 
using a fluidized bed reactor as set forth in claim 4 or claim 12, 
wherein a fixed bed of packing materials that are not fluidized 
by the fluidizing gas is formed in addition to the bed of silicon 
particles at a lower space of the heating Zone. 

15. The method for preparation of polycrystalline silicon 
using a fluidized bed reactor as set forth in claim 11 wherein, 
in (iii) the silicon deposit removal step, an etching-step off 
gas including the fluidizing gas being passed through the bed 
of silicon particles, a non-reacted etching gas and/or an etch 
ing reaction product gas is discharged out of the fluidized bed 
reactor using a gas discharging means. 

16. The method for preparation of polycrystalline silicon 
using a fluidized bed reactor as set forth in claim 1 wherein the 
reaction gas comprises at least one silicon-containing Sub 
stance selected from monosilane (SiH4), dichlorosilane 
(SiH2Cl2), trichlorosilane (SiHCl3) and silicon tetrachloride 
(SiC14). 

17. The method for preparation of polycrystalline silicon 
using a fluidized bed reactor as set forth in claim 1, wherein, 
in (iii) the silicon deposit removal step, the temperature of a 
part of the silicon deposit is maintained within the range of 
500-1,250° C. 

18. The method for preparation of polycrystalline silicon 
using a fluidized bed reactor as set forth in claim 1, wherein, 
in (iii) the silicon deposit removal step, the silicon deposit is 
heated by a heating means equipped at the inner Zone of the 
reactor tube and/or at the outer Zone. 
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